BTG/tob family proteins are thought to be a potential tumor suppressor due to their anti-proliferative activity. We cloned zebra®sh btg-b, a member of the BTG1/2 subfamily, using in situ hybridization screening. The tissue-speci®c expression of btg-b is ®rst observed in the organizer region at the early gastrula stage. Later in development, the forebrain, the hindbrain, the polster and the paraxial mesoderm transiently express btg-b. Recently, mouse Btg1 and Btg2 have been shown to be a cofactor for Hoxb9. Double in situ hybridization with zebra®sh btg-b and hoxb9a indicates that the expression domains of these two genes overlap in the posterior paraxial mesoderm. q 2001 Elsevier Science Ireland Ltd. All rights reserved.
Results
Using in situ hybridization screening in zebra®sh early gastrula, we obtained a short cDNA fragment of a BTGrelated gene, as a clone exhibiting organizer-speci®c expression (in situ hybridization screening methods will be reported elsewhere). We cloned the corresponding fulllength cDNA by PCR (see Section 2) and designated it as zebra®sh btg-b. A highly related sequence, btg-a, was identi®ed in searches of the zebra®sh EST database. BTG/tob family proteins are involved in cell growth control and differentiation in other models and are reported to have anti-proliferative activities (Rouault et al., 1992; Rodier et al., 1999; Guardavaccaro et al., 2000) . BTG/tob family proteins share two highly conserved domains, i.e. BTG BOX A and BTG BOX B (Fig. 1A) (Guehenneux et al., 1997) . The putative amino acid sequence of zebra®sh Btgb includes these two domains (Fig. 1B) . To examine the relationship between the Btg-b and other BTG/tob family proteins, a phylogenetic tree was constructed using multiple alignments of homologous proteins (Fig. 1C) . Based on the phylogenetic tree, we concluded that zebra®sh btg-a and btg-b belong to the BTG1/2-related subfamily of the BTG/tob family. Mapping with a radiation hybrid panel (Kimura, 1983) .
(kindly provided by Dr M. Ekker) showed that the zebra®sh btg-b is located in LG22 (placed near Z7152). We then examined the expression of btg-b during zebra®sh embryogenesis. The transcripts were detected at the one-cell stage by Northern blot analysis, suggesting that btg-b mRNA is supplied maternally (data not shown). In situ hybridization analysis showed that btg-b is expressed ubiquitously at the sphere stage ( Fig. 2A) . As gastrulation proceeds, the expression becomes restricted to the shield region, and then it shifts to the prechordal plate (Fig.  2B,C) . At the tailbud stage, the boundary of the neural and the non-neural ectoderms as well as a few clusters of cells in the future hindbrain region (probably the future rhombomeres (R) 2 and 4, see below) start to express btgb (Fig. 2D) . At the segmentation stage, btg-b is mainly expressed in the polster, the forebrain, the hindbrain, the somites, and the presomitic mesoderm (Fig. 2E±G) . The expression pattern is largely unchanged throughout the segmentation stage, except for the hindbrain region. Sagittal section of stained embryos at the somite level demonstrated that the caudal population of internal somitic cells expresses btg-b while epitheloid border cells at the somite boundary are negative for the transcripts (Fig. 2F,G) . Double staining of btg-b and krox20 (a marker gene of R3 and R5; Oxtoby and Jowett, 1993 ) revealed a dynamic change in btg-b expression in the hindbrain region (Fig. 2E±G,I ,J). At the ®ve-somite stage, btg-b expresses segmentally in R2 and R4 (Fig. 2K±M) . However, the expression in the entire hindbrain increases and therefore the segmental expression pattern is lost by the ten-somite stage (Fig. 2N,O) . At around the 17-somite stage, btg-b expression in the hindbrain is again restricted to R2 and R4 due to a down-regulation in the other hindbrain region (Fig. 2P,Q) . At the 24-h stage, a strong signal becomes evident in the telencephalon (arrowhead in Fig. 2H ). During late development, most expression domains of btg-b disappear and by the 38-h stage the positive signal is detected only in the head region (Fig.  2I,I H ). The histological section indicates that the strong expression is con®ned to the ventricular zone of the midbrain (Fig. 2J) .
Recently, both murine BTG1 and BTG2 were shown to function as cofactors for Hoxb9 (Prevot et al., 2000) . Zebra®sh hoxb9a is expressed in the paraxial mesoderm in a region posterior to the seventh somite at the ten-somite stage (Prince et al., 1998) . Since zebra®sh btg-b is also expressed in the paraxial mesoderm, we compared the expression domains of the two genes by a double in situ hybridization. As shown in Fig. 2R±U , the regions in which btg-b and hoxb9a are expressed overlap in the paraxial mesoderm posterior to the seventh somite.
Materials and methods
Full-length BTG-b cDNA was obtained using the SMATRT cDNA library construction kit (Clontech Laboratories). The phylogenetic tree was constructed by applying the NJ method (Saitou and Nei, 1987) using the full-length amino acid sequences. The whole-mount in situ hybridization protocol was adapted from Sawada et al. (2000) . The 38-h stage embryos were treated by 10% H 2 O 2 /methanol after in situ hybridization to improve their optical transparency.
